Increasing needs for decision support and advances in scientific knowledge within life cycle 50 assessment (LCA) led to substantial efforts to provide global guidance on environmental life 51 cycle impact assessment (LCIA) indicators under the auspices of the UNEP-SETAC Life Cycle 52 Initiative. As part of these efforts, a dedicated task force focused on addressing several LCIA 53 cross-cutting issues as aspects spanning several impact categories, including spatiotemporal 54 aspects, reference states, normalization and weighting, and uncertainty assessment. Here, 55 findings of the cross-cutting issues task force are presented along with an update of the 56 existing UNEP-SETAC LCIA emission-to-damage framework. Specific recommendations are 57 provided with respect to metrics for human health (Disability Adjusted Life Years, DALY) and 58 ecosystem quality (Potentially Disappeared Fraction of species, PDF). Additionally, we stress 59 the importance of transparent reporting of characterization models, reference states, and 60 assumptions, in order to facilitate cross-comparison between chosen methods and 61 indicators. We recommend developing spatially regionalized characterization models, 62 whenever the nature of impacts shows spatial variability and related spatial data are 63 available. Standard formats should be used for reporting spatially differentiated models, and 64 choices regarding spatiotemporal scales should be clearly communicated. For normalization, 65 we recommend using external normalization references. Over the next two years, the task 66 force will continue its effort with a focus on providing guidance for LCA practitioners on how 67 to use the UNEP-SETAC LCIA framework as well as for method developers on how to 68 consistently extend and further improve this framework.
based decisions have become more and more relevant for recognizing and reducing 90 environmental impacts of products and processes. 91 Triggered by the increasing needs for reliable decision support and by ongoing advances in 92 scientific knowledge, the UNEP-SETAC Life Cycle Initiative (LC Initiative) has been initiated to 93 improve the science and practices in the field of life cycle thinking (UNEP-SETAC 2016). The 94 LC Initiative has established several task forces, aimed at 1) harmonizing current approaches, 95 2) furthering the development of life cycle impact assessment (LCIA), and 3) providing 96 guidance on recommended models and methods for calculating environmental indicators so 97 that their application provides the best possible transparency, reproducibility, and validity, 98 as well as the best possible support for decision-making. 99 One of these UNEP-SETAC task forces has been addressing LCIA cross-cutting issues, i.e. 100 topics that are relevant across several, or all, of the existing impact categories. The activities 101 of this task force concentrated on the improvement and harmonization of the LCIA 102 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 characterization framework, and on aspects such as furthering consensus regarding 103 normalization and weighting, spatial differentiation, uncertainty assessment, endpoint 104 indicators for human health, ecosystem quality, and natural resources, as well as the 105 identification of representative reference states. 106 In 2004, the LC Initiative published a recommendation for an LCIA framework, embracing an 107 overview of existing impact categories, and the status of their development (Jolliet et al. 108 2004). Since then, there has been substantial progress in LCIA methods, as well as underlying 109 models and data, both in terms of covered impact pathways, spatial differentiation and 110 resolution, novelties in endpoint indicators, and normalization procedures. It is therefore 111 time to review and evaluate these developments and innovations in a structured way, 112 especially for the damage (endpoint) level, while midpoints are kept as they were described 113 in the 2004 framework. It is the aim of the cross-cutting issues task force to improve the 114 applicability and operationalization of LCIA methods and to integrate scientific advances into 115 the LCIA framework in a compatible and consistent way. 116 In January 2016, a Pellston workshop (i.e. a workshop hosted by the Society for 117 Environmental Toxicology and Chemistry (SETAC) on critical and urgent topics) was 118 conducted in Valencia, Spain, uniting efforts of the cross-cutting issues and other, topical, 119 task forces, which worked on impacts derived from land and water use, exposure to fine 120 particulate matter, and climate change (Frischknecht et al. 2016a ). The workshop 121 participants discussed several cross-cutting issues, such as the need to revise the LCIA 122 framework, in order to include recent advances in LCIA science and achieve a more 123 comprehensive coverage of indicators. In addition, recommendations for harmonization of 124 reference states, spatial differentiation, normalization and weighting, uncertainty 125 assessment across impact categories, as well as specific issues for individual areas of 126 protection (e.g. aggregated metrics for damages on human health and on ecosystem quality) 127 were discussed. This paper provides an overview of the current state of development of the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 The task force on cross-cutting issues was established in January 2015, when it started to 133 work on different issues in individual subtasks, as mentioned in the introduction. In late 134 autumn 2015, all active members of the cross-cutting issues task force consolidated findings 135 from the different subtasks into an internal white paper, which served as starting point for 136 proposing recommendations during the Pellston workshop, to which several members of the 137 cross-cutting issues task force but also members from all other guidance project tasks forces 138 were invited along with various sector experts. Discussions between the workshop 139 participants led to the formulation of recommendations, which were presented and 140 discussed in a workshop plenary session, then finalized and agreed upon, and finally 141 published in the official Pellston workshop report in early 2017, complemented with the 142 main content of the initial cross-cutting issues white paper (Frischknecht et al. 2016b ). 143 For some of the cross-cutting issues subtasks, participants produced and published final 144 recommendations, while for other subtasks it was decided to collate further analytical 145 reports on the current state-of-the-art, as a foundation for ongoing discussions. In the 146 following, a status is given for each of the subtasks in the cross-cutting issues theme, 147 followed by the outlook. The supporting information (SI, Tables S1 to S3) and Table 2 propose to distinguish between two overarching systems (1: natural systems and, 2: humans 173 and man-made systems) with three different types of values, in order to distinguish the 174 reasons for identifying the different areas of protection more clearly. This leads in total to 175 the identification of six potential areas of protection for consideration in LCIA (Table 1) . 176 Natural systems are broadly defined and go beyond the concept of ecosystems, including 177 also immaterial assets, such as natural heritage, whereas humans and man-made systems 178 are defined to only relate to anthropocentric values. "Values" in this context refer to aspects 179 society deems worth protecting and are independent of the terms "values" and "value 180 choices" as used in weighting. 181 The first set of values refers to intrinsic values, i.e. values given for the sake of the existence 182 in itself. For instance, the damage categories human health and ecosystem quality 183 encompass intrinsic values. It is generally recognized that human beings have a right to life 184 on their own, and that non-human species have a value in their existence, i.e., value that 185 would be lost if the species did not exist. A second set of values refers to instrumental 186 values. These encompass values that have a clear utility to humans and are defined from an 187 anthropocentric standpoint. They include, for example, any kind of resource, ecosystem 2005) and therefore also need to be addressed in a way to avoid double-counting. This is a 204 subject for further discussions. 205 where it is acknowledged that differences between regions matter substantially when used and values addressed by the different areas of protection needs to be ensured, which is 292 therefore an important part of the normalization and weighting subtask. Generally, we want 293 to stress that calculating results at a damage level does not necessarily need to entail an 294 aggregation into a single score per area of protection (note that aggregation across areas of 295 protection relates to normalization and weighting processes, addressed in Section 3.5). 296 In the previous section, we described a potential broadening of areas of protection to 297 consider in environmental decision-making. However, since some of them do not yet exist or 298 are not yet fully evaluated, we will not give recommendations for these at this stage. 299 Instead, we focus on improving the three main established categories, human health, 300 ecosystem quality, as well as natural resources (in color in Figure 1 ). Table 2 illustrates the usage of DALY in a case study on rice produced in different countries. 324 It brings on the same common DALY scale potential impacts of malnutrition due to water use 325 and impacts due to exposure to primary and secondary fine particulate matter. For India, 326 these impacts per kg cooked rice are of similar order of magnitude, with 2.1×10 -5 to 3.6×10 -5 327 DALY/kg rice for water use impacts, and 1.3×10 -5 DALY/kg rice for PM 2.5 related impacts, but are 328 lower than the potential reduction in malnutrition impacts of 1.4×10 -4 DALY/kg rice associated 329 with the production of one kg rice.
330 Due to the prevalence of indicators for loss of species richness, we currently recommend the 344 use of potentially disappeared fraction of species (PDF) as a common endpoint metric. 345 However, the currently-used PDFs only seemingly represent a single metric, while 346 representing sometimes (widely) different meanings, e.g., when they have been derived 347 from models based on data from different scales (local, regional, global) or from effects data Spatial variation is also high for human impacts from exposure to fine particulate matter due 435 to variation in population density around the locations of emission or the more than 100 436 times difference in intake fractions between indoor and outdoor releases as function of 437 location. Accounting for such spatial variation based on exact location of emission would 438 require to know the exact emission location and to model the dispersion at a 10 km or 439 higher resolution, which is usually not practical for LCA applications. to the country or continental region of production and consumption, the CFs of Table 2 445 accounting for regional person density and building tightness in each region. In the case of developed, see Figure 1 ), as well as spatial and temporal issues and uncertainty assessment. 574 Below, we discuss some specific, concrete suggestions, without the ambition to be 575 comprehensive, but as a way to stimulate and suggest priority items for research. 576 Ecosystem quality is an area of protection with a large need for further development. 577 Scientific analyses suggest that a multitude of approaches can be chosen to quantify The improvements will help increase the comprehensiveness as well as the meaningfulness 633 of LCIA outputs for decision-support. The activities of the task force are still ongoing and will 634 focus on further progress towards harmonizing several cross-cutting issues in LCIA. 635 Recommendations made here were followed partly by the topical task forces present at the 
